Human population has always been advocated to use exosomatic energy, exist in abundance in Mother Nature. As of today world's population has reached to 7.1 billion, which will be exceeding 8.0 billion by 2050. To fulfill the energy demand of increasing population, world existing energy should be increased by >50% by 2050. The question is do we have enough energy resources to meet the future energy demand? Secondly, the use of reserved gas, oil, coal and other carbonbased energy sources would continue to emitgreenhouse gases which are estimated to warm up the world by 2 0 C by 2020, raising the sea level which will dwindle the world cultivable land. This paradigm shift has called foreffective, sensitive and advanced technologies dealing with the production, harvesting, conversion and distribution of renewable energy to meet the future energy needs. This paper has highlighted the potential applications of carbon nanotube (CNT) based composites to harvest the unlimited solar energy into electrical, mechanical and other forms of useful energy for human benefits. The competitive performances of CNTs in solar cells would build multibillion dollar energy market using green chemistry principles, reducing green house emission and ensuring enough energy for the future generations.
Introduction
World population is increasing rapidly and is expected to exceed 8.0 billion in near future. To meet the energy requirement of this huge population, we are increasingly being forced to depend on natural fuel resources such as gas and oil. It is leading to fuel price hike, hindering socioeconomic growth [1, 2] . Increasing uses of fossil fuels have been depleting them rapidly and increasing global warming through the emission of increased volume of greenhouse gases [3] . It is seriously affecting social development,especially in developing countries and bringing massive socio-political conflicts [4] .
The sunlight is considered as the best source of energy because of its availability and inexhaustibility for electricity generation [3] . Although many processes are available to convert sunlight into electricity, a three steps method proposed by Umeyama and Imahori (2008) for the conversion of solar energy into electricity is very interesting. Briefly,(i) the sunlight photons are trapped in the form of excitons by using a photovoltaic layer;(ii) the exciton migrated through a donor-acceptor hetero junction which dissociate them into free electrons and holes and (iii) a charge is applied on the electrode to produce photocurrent in an external circuit [5] . Photovoltaic devices are already in use in certain countries for the production of electricity from light resources [6] .
Carbon nanotube (CNT) is one of the fascinating and enchant nanomaterial because of their special physio-chemical properties like mechanical [7] , thermal [8] and electrical [9] properties. Since their discovery by Iijima in 1991 [10] , it has played magnificent shoot in many disciplines especially in opto-electronics [9] and photo-voltic cell construction [3] . CNTs are now popularly used for solar energy conversion rather than using organic devices. It might be due to several causes: (i) it has high light absorption capacity even in visible and near infra-red (NIR) spectrum; (ii) it has high charge mobility and finally; (iii) it is resistant to photo bleaching and has tremendous environmental stability [11] . On the other hand, other photo-voltic devices have low stability and high costs which lead to the potential uses of CNTs in this field [12] . Therefore, CNTs have been considered as alternative materials for various solar cell structures which have efficiency to convert light photon to electrons in photo-voltic device.
This review is a survey of scientific literatures motivated to the mechanism of how CNTs have contributed to transform solar energy to electricity. We have also discussed the potentiality of this material to be used as hybrid component into other materials to overcome their shortcomings and enhance efficient solar energy transformation into electricity.
Carbon Nanotubes (CNTs) Based Photo-VolticCells
Carbon nanotubes (CNTs) can be used as alternative and/or complementary and/or conjugate material to current solar architectures e.g. silicon based, organic and dye sensitized solar cells as shown in Fig Silicon based solar cell is considered to be oldest and first commercialized solar cell which has efficiency of about 20% in transforming solar into electrical energy [13] . It has a simple p-n junction located just up of Si-layer and separate electrons/holes and generates electrons or current upon an act. CNTs doped silicon layer can serve as hetero-junction component (Fig. 1A) and it helps to separate charge followed by collection [14] . CNTs also support Si layer upon immobilization for enhancing its efficiency and stability [15] . Recently Shi et al. (2012) have increased silicon solar cell efficiency of about 15% by using TiO2-coated carbon nanotube [16] . Titanium oxide functionalized CNTs block light reflectance from the silicon surface, leads to the enhancement of 30% current density and also stimulates external quantum efficiency. In addition, Jung et al. (2013) have successfully fabricated solar cell with CNTs and increased >11% power conversion efficiency [17] . Therefore, it is clear that, the CNTs could contribute the structure of silicon solar cell and have capability to bring promising architecture with low manufacturing cost and high performance [16] .
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Organic solar cell has been practiced more due to its flexibility and low production cost. Various polymers are commonly used like poly (3-octylthiophene), poly (3-hexylthiophene) and so on for absorbing light and transferring charge [18] . Incorporation of CNTs in its top electrode (Fig.  1B) has increased light absorbance and significantlystore charges. In addition to electrode, CNTs can also immobilize in other layers e.g. the photoactive layer and back electrode of organic cell (as shown in Fig. 1B) [19] [20] [21] . However, the section has recently been reviewed by Cataldo et al. (2012) [22] .
Dye sensitized solar cell is popular for its lower cost of synthesis and simple preparation technique. Carbon nanotubes (CNTs) immobilization in this electrode will help to increase the mobility of charge upon exposure to light. Brown and his group have functionalized the solar cell by doping CNT/TiO2 in dye molecules for enhancing charge transfer and promote migration as shown in Fig. 1C [23] . Titanium oxide will help to inject electrons when they are excited and promote electron flow toward CNTs. Furthermore, it has been reported that the efficiency of dye sensitized solar cell could be enhanced by 1.46%, using CNTs counter electrode, instead of using natural dye [24] . Here, the main purpose of CNTs incorporation is to enhance charge or electron transport and reduce the electrode resistance. Later, 10% efficiency has been observed by using TiO2 films [25] . Wang et al. (2013) have recently been reviewed and broadly illustrated the mechanism of how CNTs could enhance this solar cell with detailed description [3] .
Future Challenges
Carbon nanotubes (CNTs) have tremendous potentiality for application in photo-voltaic cells but many challenges have to be resolved, especially in growth, purification, fabrications and functionalization, processing and finally integrating into solar cell architectures. Since, homogenous CNTs synthesis is still a challenging area, microdomain organization of final product should check properly. We can develop a theoretical or molecular modeling before experiments, so that we can correlate the electronic properties with CNTs morphology. The chirality, diameter and tube length could contribute significant changes in its electrical properties. The processing is another factor to be addressed. As pristine CNTs have carbonaceous materials, ash, metal catalysts and other impurities, effective wet oxidation procedure is necessary prior to integration into the circuit. Therefore, this pre-treatment add extra cost and environmental effects which are economically unfavorable and unhealthy. Finally, extreme care should be taken during integration into solar cells, since any abnormality in installation can change light absorption and charge transfer properties of CNTs. An efficient assembly process can enhance electron mobility or charge transfer and also it can store electrons for longer period of time. Once these constrains could be effectively solved, it would be possible to get low power short term portable devices with high commercial value.
